It is generally agreed that the acquired immunodeficiency syndrome (AIDS) results from infection by the human immunodeficiency virus (HIV). The latter agent destroys primarily T helper lymphocytes and produces a progressive impairment of cell mediated immunity with increased susceptibility to various opportunistic infections and malignant tumours. '2 The accepted definition of AIDS,3 as of 1 January 1993, includes all HIV-infected individuals with severe immunosuppressionthat is, less than 200 x 106/1 CD4 + T lymphocytes, or a percentage of CD4 + T lymphocytes below 14% of the total count of lymphocytes. The definition also includes the presence of tuberculosis, recurrent pneumonia, or invasive cervical cancer.
The lung is a major target of disease and the cause of death in most patients with AIDS. About 80% of children infected with AIDS develop pulmonary problems and, if left untreated, 70% will die within two years of diag- *4 nosis.
The purpose of this paper is to review and illustrate two lesser known areas of pulmonary disease in AIDS, namely (1) atypical Pneumocystis carinii infection; and (2) lymphoid interstitial pneumonia. ever, recent evidence using RNA probes and Southern blot analysis indicates that it is probably a fungus with a unique unicellular mycelial phase. Vanek and Jirovec6 in 1952 identified Pn carinii as the agent in outbreaks of pneumonia in malnourished infants and children in European orphanages after World War II. It has since become a well recognised pathogen in patients immunocompromised by malignancies, prolonged corticosteroid therapy, and organ transplantation.
The incidence of Pneumocystis carinii pneumonia (PCP) has risen dramatically in developed nations since the advent of AIDS. It is often the initial presentation of the disease and will affect eventually 60-80% of these patients. 7 The risk of developing PCP in HIV positive adults increases significantly as the CD4 (helper) T lymphocyte count falls below 200 x 106/1. 8 The prognosis of PCP in children is much poorer than in adults, and the initial infection is often fatal even though their CD4 T lymphocyte count may be higher.9 PCP is relatively rare in Africa and has not been reported in Uganda, a country with the highest number of AIDS patients in the world. This surprising finding is probably due to the fact that Pn carinii is not indigenous to that part of the world. '1
The typical patient with PCP develops fever, cough, and shortness of breath. The chest radiograph varies considerably from normal, to relatively mild involvement with interstitial or reticulonodular infiltrates throughout both lungs, to more severe disease with patchy areas of alveolar consolidation. When the alveolar disease becomes extensive and confluent there is respiratory insufficiency, frequently followed by death of the patient. Original magnification x 400 (a) and x 250 (b), reduced to 74% in origination.
We have studied the pulmonary pathology in AIDS patients with severe PCP requiring assisted ventilation.'5 Patients dying within the first two weeks on the respirator had heavy lungs, usually more than 2000 g in combined weight. The pleura was frequently smooth and shiny. On cut section the lungs were airless, pale grey, and frequently slimy in consistency. Microscopically there was extensive filling of alveoli with proteinaceous exudate (fig 2) . Eight patients dying within one week on the respirator had the "exudative" stage of "diffuse alveolar damage" including hyaline membranes and reactive, atypical alveolar lining cells (fig 3a) . In nine patients surviving more than one week changes of "proliferative" diffuse alveolar damage were observed, including the presence of intra-alveolar fibroblastic proliferation extending to alveolar ducts and bronchioli ( fig  3b) . Eleven cases of PCP of a relatively lesser severity responded to treatment but recurrence of the infection on two, three or more occasions was noted in the following months or years; some patients died of other causes.
With the large number of cases of PCP seen in the AIDS epidemic it has been possible to appreciate several atypical manifestations of this infection and these include: (1) interstitial lung disease; (2) lymphoplasmacytic interstitial infiltrates; (3) nodular and granulomatous PCP; (4) cavitary PCP; and (5) Barton and Campbell,25 and Lanken et al26 also described the attachment of trophozoites to type I pneumocytes. The latter eventually died, leaving a gap in the epithelial lining of the alveolus which was soon repaired by proliferating type II pneumocytes. Observations of the Pn carinii cycle in vitro corroborated that trophozoites initially attach to type I pneumocytes and later evolve into cyst forms. After the cysts were released the host cells underwent degeneration and death. 27 It is probable that the breakdown of the alveolar capillary membrane is the mechanism of production of protein-rich oedema fluid that underlies the production of diffuse alveolar damage. Damage to the air-blood barrier probably allows irritants, chemotactic factors, and fibrogenic substances to reach the interstitial space.
Lesions of bronchiolitis obliterans are frequently seen in PCP associated diffuse alveolar damage and may contribute to the respiratory insufficiency. Interstitial fibrosis ("mural" or "septal") and "honeycombing" as the end stage of diffuse alveolar damage have been described, but they are rare in our experience because most ofthese patients either recover completely or die before such changes can occur.2829
Why most patients with PCP develop the "classic" form of the infection with characteristic intra-alveolar foamy exudates while others develop diffuse alveolar damage and other interstitial responses remains unknown. It is possible that in the latter group a much more severe infection with massive numbers of trophozoites diffusely attacking the alveolar capillary membrane underlies the production of the lesions. A different strain of Pn carinii, or an idiosyncratic host response, are also possibilities to be considered. interstitial compartment was present in eight of their nine patients. Organisms were demonstrated in alveolar septa (eight cases), pleura (six cases), and vessel walls (two cases). Pulmonary cavitation occurred in seven of eight cases with tissue invasion, and six of these patients developed pneumothoraces. Ultrastructurally, both the tissue invasive and the intra-alveolar organisms were predominantly of the trophozoite form; they were present in greater numbers than suggested by the routine silver stain which detects only cysts. Immunocytochemical techniques which demonstrate both trophozoite and cyst forms were much more sensitive than silver stains for the detection of Pn carinii.
Murry and Schmidt" addressed the problem of how tissue invasion causes necrosis in PCP. The possibility of a host inflammatory response was ruled out in view of the distinct paucity of inflammation in these cases. A second mechanism -direct tissue injury by toxins or hydrolytic enzymes which might be elaborated by the organism -cannot be accepted or rejected since so little is known about the biology of Pn carinii. A third possibility -vascular invasion with secondary infarction -seems unlikely since six patients with cavitation in their study48 did not show vascular invasion and, when present, the latter was not quantitively sufficient to explain the extent of the necrosis. Nevertheless, the possibility of collapse of pulmonary capillaries within the distended alveolar septa producing ischaemia and necrosis is an attractive hypothesis to be explored further. 48 The role of a coinfection in the cavitary phenomenon in patients with PCP also deserves attention since many of these patients do have mixed infections. As noted by Murry and Schmidt,48 however, the strongest evidence supporting a primary role for Pn carinii was that two patients with cavitation had no documented coinfections, and a third patient had cytomegalovirus isolated from the urine only. The possibility of a necrotising concomitant infection should, however, be carefully ruled out when examining cases of cavitary PCP. Most of the adults in our study88 (81 %) had HIV infection only at the time of diagnosis. Fifteen of these patients (43%) progressed to AIDS during the course of their disease, while 20 (57%) did not evolve into full blown AIDS. Only eight patients (19%) had AIDS at diagnosis and remained so until death. By definition, all children in this study had AIDS.
Chest radiographs taken at the time of diagnosis and during the evolution of the disease were classified into four grades: 0, normal chest radiograph; I, reticulonodular infiltrates with nodules up to 5 mm in diameter, frequently referred to as "miliary"; II, grade I plus one or more patchy areas of alveolar consolidation; III, one or more areas of alveolar consolidation and little or no interstitial component of significance ("atypical" lymphoid interstitial pneumonia). 88 In adults grades I (39%) and II (54%) occurred most frequently. In children grade I was the most common pattern at presentation (67%), to be superseded by grade II (67%) at later stages of the disease.
Pathologically88 the mildest or earliest forms of lymphoid interstitial pneumonia represents hyperplasia of bronchial associated lymphoid tissue (BALT) with little interstitial involvement (fig 7) . Aggregates of lymphocytes and plasma cells form around airways and blood vessels. As the disease progresses they extend along the alveolar septae (fig 8) . In later stages large confluent nodules often measure up to 2-5 cm in diameter. The lung parenchyma in these areas is solid and resembles a lymph node. Lymphoid interstitial pneumonia has not been noted to progress to interstitial fibrosis of the lung in either children or adults; progression to Kaposi's sarcoma has been noted in adults only. In children it can be a debilitating disease producing respiratory insufficiency with severe hypoxaemia and digital clubbing. In adults it is usually asymptomatic but its radiographic features mimic PCP.
The composition of the lymphocytic population was studied in two children and one adult by monoclonal antibodies applied to frozen sections of the lesions. 88 The results were comparable in all three cases and were characterised by: (1) positivity for both kappa and lambda light chains (polyclonality); (2) distinct predominance ofT lymphocytes (CD5/Leu5) over B lymphocytes (CD22/Leu4); and (3) T suppressor lymphocytes (CD8/Leu2) in significantly greater numbers than T helper lymphocytes (CD4/Leu3).
Bronchiolitis obliterans consisting of polypoid structures of loose myxoid connective tis- sue occluding respiratory bronchioles was seen. Distally, there was atelectasis with accumulation of "foamy" histiocytes, a picture characteristic of "endogenous" lipid pneumonia. The presence ofbronchiolitis obliterans was frequently seen in association with the most severe degrees of lymphoid interstitial pneumonia and probably accounts for the areas of alveolar disease.
The pathological evolution of lymphoid interstitial pneumonia from the time of diagnosis to death was studied in a group of eight adults and five children at post mortem examination. 88 In three adults the process had resolved completely, in four it remained unchanged, and in the remaining patient it showed signs of slight regression. The striking nodular component of the lesions was markedly diminished or had vanished altogether in most children studied at post mortem. On the other hand, the diffuse component of lymphoid interstitial pneumonia remained unchanged in four patients and actually increased in one. In none of the patients, adults or children, was there evidence of diffuse interstitial fibrosis of the lung, but increased amounts of reticulin fibres and loose fibroblastic as well as capillary proliferation were present at sites of previously hyperplastic BALT.
Unusual associations of lymphoid interstitial pneumonia infected individuals include the remarkable transformation ofinfiltrates oflymphoid interstitial pneumonia into Kaposi's sarcoma in two cases ( fig 9) ; the development of multiple vascular leiomyomas in one child ( fig 10) ; and lymphocytic arteritis associated with plexiform structures and a picture of "primary" pulmonary hypertension in another adult (fig 11) . 88 The pathogenesis of lymphoid interstitial pneumonia remains to be clarified. of lymphoid interstitial pneumonia. In five of our cases,88 however, the presence of HIV was investigated by the avidin-biotin immunoperoxidase technique using p24 antibody ( 
